Introduction: The objective of this study was to determine the effect of delayed placement of the core/post and crown on the outcomes of nonsurgical root canal therapy (NSRCT). Methods: According to the Delta Dental of Wisconsin claims database, 160,040 NSRCTs were completed with a core/post and a crown placed before the end of the continuous coverage period or occurrence of an untoward event. Untoward events were defined as a retreatment, apicoectomy, or extraction as defined by the Code on Dental Procedures and Nomenclature. Statistical analysis was performed by using a multivariable Cox proportional hazards model. Results: The survival rate from the time of crown placement to an untoward event was 99.1% at 1 year, 96.0% at 3 years, 92.3% at 5 years, and 83.8% at 10 years. Failure rates were greater when a core/post was placed more than 60 days after the NSRCT (adjusted hazard ratio, 1.08) and when the crown was placed more than 60 days after the core/post placement (adjusted hazard ratio, 1.14). Overall, the survival rates of NSRCT were greater when performed by an endodontist versus other providers. Conclusions: On the basis of the information available from insurance claims data, this study shows that the long-term survival rates of initial endodontic therapy are adversely affected by the delayed placement of the final restoration and full coverage crown. (J Endod 2018;44:220-225) 
31, 2013. Of the total patient encounters, 476,479 initial NSRCT procedures were completed. All dental insurance claims for individuals receiving NSRCT were extracted and analyzed from the database. The data were further restricted to 160,040 patients who had received NSRCT, core or post and core (core/post), and crown by the end of the continuous coverage period or the incidence of an untoward event. Untoward events were defined as having a retreatment, apicoectomy, or extraction that was based on submitted Codes on Dental Procedures and Nomenclature, indicating failure of the initial NSRCT (9) . NSRCT was considered successful until the occurrence of the untoward event or a lapse in the patient's enrollment status. For each patient, characteristics were obtained and collected for further analysis (Fig. 1) .
Data analysis was completed by using SAS 9.4 (SAS Institute Inc, Cary, NC) software. Hazard ratios were calculated by using a univariate Cox proportional hazards model. From these data, adjusted hazard ratios (aHRs) were calculated by using a multivariable Cox proportional hazards model to account for other covariates and predictors. Survival estimates were calculated at 1, 3, 5, and 10 years on the basis of the presence of the tooth with the NSRCT, core/post, and crown without incidence of an untoward event or break in the continuous enrollment period.
The study was submitted to Marquette University's Institutional Review Board. However, it was determined that the study did not meet the criteria for human subjects, and a review by the Institutional Review Board was not required.
Results
The survival rate was 99.1% at 1 year, 96.0% at 3 years, 92.3% at 5 years, and 83.8% at 10 years for all tooth types.
In the present study, the case distribution consisted of 88,666 molar teeth (55.4%), 50,246 premolar teeth (31.4%), and 21,128 anterior teeth (13.2%) ( Table 1) . Statistical analyses showed a significant difference in incidence of an untoward event that was based on tooth type ( Table 2) .
The NSRCT was completed by an endodontist who graduated from an American Dental Association accredited United States endodontic residency program in 46,984 cases (29.4%) and by other providers in 113,056 cases (70.6%) cases (Table 1) . A greater incidence of an untoward event was associated with NSRCT completed by other providers versus endodontists, as signified by aHR of 1.43 (Fig. 2) .
The mean age at the time of NSRCT was 44.6 years, with a standard deviation of 13.4 Table 2 ). Ceramic inlays were excluded from the remainder of the study because of the small sample size. Types of posts consisted of 9391 indirectly fabricated posts (5.9%) and 51,644 prefabricated posts (32.3%) ( Table 1 ). The teeth that were treated with post and core versus a core showed a higher rate of failure, and indirectly fabricated posts demonstrated a greater risk of failure compared with prefabricated posts, as seen by aHR of 1.11 ( Table 2) .
Role of Crown Material
Metallic crowns were placed on 127,929 teeth (79.9%) and consisted of porcelain fused to metal, (SSCs) were placed as a final restoration on 634 teeth (0.4%) ( Table 1) . Non-metallic crowns demonstrated a higher risk of failure than metallic crowns, with aHR of 1.16. SSCs illustrated a much more significant increase in failure rate versus metallic crowns, with aHR of 2.44 ( Table 2) .
Role of Time from NSRCT to Core/Post Placement
The time from NSRCT to the core/post averaged 66.6 days, with a median of 14.0 days. The time from NSRCT to the core/post placement was 0-14 days in 82,780 cases (51.7%), 15-59 days in 48,387 cases (30.2%), and more than 60 days in 28,873 cases (18.0%) ( Table 1) . There was no statistically significant difference in survival when the core/post was placed within 0-14 days versus 15-59 days after NSRCT; however, there was a greater risk of untoward events in endodontically treated teeth with the core/post placed at more than 60 days after NSRCT ( Table 2 , Fig. 3 ).
Role of Time from Core/Post Placement to Crown Placement
The time from the core/post to the crown averaged 160.5 days, with median of 14.0 days. The time from the core/post to the crown was completed within 0-14 days in 81,474 cases (50.9%), within 15-59 days in 34,658 cases (21.7%), and more than 60 days in 43,908 cases (27.4%) ( Table 1 ). There was no statistically significant difference when the crown was placed within 0-14 days versus 15-59 days after the core/post; however, there was a greater risk of failure in endodontically treated teeth with the crown placed at more than 60 days after the core/post, as shown with aHR of 1.14 ( Table 2 , Fig. 4 ).
Discussion Strengths and Limitations
The present study was able to gain access to a substantial data set (n = 160,040) from which numerous variables and parameters could be assessed. It was the first study to evaluate the privately insured patient population for the incidence of an untoward event related to the time lapse for the restoration of the tooth. The primary weakness of the study was the potential unreliability of the data. For instance, untoward events may not be recorded because of incorrect coding, failure to submit an insurance claim, or subsequent treatment performed by a practitioner who was not an insurance provider. Therefore, the study likely overstates successful outcomes. Other limitations of using insurance claims data include the inability to determine various prognostic or diagnostic predictors that could influence the outcome of treatment (1, 10-13).
There was also the inability to differentiate between success and survival, because both radiographic and clinical evaluations were not readily available. It could only validate if the tooth is present at the end of the continuous enrollment period. Although it is the hope that the large-scale nature of this study can reduce the impact of potential biases, it cannot control for given variables or provide insight on the standard of treatment. Another limitation of the study includes the stratification of patients. By using an insurance database, statistical analysis could only include patients who had private dental insurance. This population may potentially present with different outcomes as access to care and expectations may be different compared with the noninsured dental population. It should also be noted that information from this study should only be deduced for this respective population.
In correlational studies and survival analysis, hazard ratios are used because it allows a ratio of failure rates corresponding to conditions described by 2 variables. The aHR allows the study to account for different variables caused by chance. An aHR >1 indicates a higher likelihood of failure.
Within the study, time frames were divided into 0-14 days, 15-59 days, and $60 days from the time from NSRCT to core/post placement and from the time of core/post placement to the time of crown placement. With patients who did not have the core/post placed within 60 days, there was a statistically significant greater failure rate. This can be attributed to microbial leakage via the temporary restoration, because it was found that lipopolysaccharide can penetrate the temporary restoration within 3 weeks (14) , and in particular, intermediate restorative material leaked within 10 days and Cavit leaked within 2 weeks (15). Other studies indicate that well-prepared and obturated canals are able to resist bacterial penetration up to 3 months (16) .
There is a significant emphasis on the placement of a full coverage restoration on endodontically treated teeth. According to Aquilino and Caplan (17) , endodontically treated teeth that did not have a full coverage restoration after obturation were lost at a 6 times greater rate than teeth that had a full coverage restoration placed after obturation. Other studies reported that endodontically treated molar teeth have a greater susceptibility to fracture because of loss of tooth structure and that it is more important to cover cusps than preserve tooth structure (10) . Within this study, there was no significant difference between crowns placed at 0-14 days and 15-59 days after core/post placement; however, there was a significant difference when crowns were placed more than 60 days after core/post. This could be due to the increased likelihood of fracture without cuspal coverage because stresses from masticatory forces, parafunctional habits, and trauma have an increased susceptibility of detrimentally harming the tooth in an unrestorable manner.
The NSRCT was completed by an endodontist in 46,984 cases, which equated to 29.4% of the treatments, and a non-endodontist in 113,056 cases, which equated to 70.6% of the treatments. These values are comparable with previous studies, which illustrated observations of endodontists versus other providers performing the treatment at 33.9% versus 66.1% and 28% versus 72%, respectively (6, 9, 18) . Survival rates were greater when NSRCT was performed by an endodontist versus other provider, which can be attributed to the increased training and knowledge of the root canal space.
With regard to tooth types, anterior teeth illustrated the greatest failure rate, followed by molar teeth and premolar teeth, respectively. Within the confines of this study, teeth that had NSRCT performed were included in the data set only if there was a subsequent core/ post and crown placed. Tooth type has been proven to be a predictive factor in the success of NSRCT, with most studies indicating a higher success rate for anterior teeth versus molar teeth (1, 2, 9) . However, it is more likely that an anterior tooth would require a post and core for restorability and the ability to retain the crown, which could potentially increase its susceptibility to fracture (19) .
Core materials were categorized into composite resin, amalgam, and core buildups. With the core buildups, the material used could not be determined, because the Codes on Dental Procedures and Nomenclature do not specify material type. Composite resin had an increased incidence of an untoward event compared with amalgam restorations. This is in accordance with previous studies that stated the success rate was 85.5% for composite restorations and 94.4% for amalgam restorations during a 7-year recall period (20) . In these instances, the rate of recurrent decay was higher in the composite groups than in the amalgam groups, which was the predominant source of failure. The number of restorative surfaces was not taken into account within this study.
This study corroborated evidence found in previous studies in which teeth with post and cores exhibited a greater incidence of failure versus teeth without posts (21, 22) . This is due to the structural compromise of the tooth and the transference of stresses from the post to the root (23) . With an indirectly fabricated post and core, a significant amount of tooth structure must be removed to create a path of insertion and withdrawal. Another disadvantage is that there is a higher clinical rate of root fracture with indirectly fabricated post and cores, which predominately occurs near the post and core interface (24) . However, this study does not consider the shape, retentive pattern, or material of the posts used, which could contribute to a decreased survivability.
Crown materials were categorized into non-metallic, metallic, and SSCs. Non-metallic crowns had a greater risk of failure than metallic crowns. This could be attributed to increased tooth reduction during crown preparation, the inability to form as ideal of a marginal seal, and complications associated with porcelain cracks and fractures (25) . This was also the first study in the literature that illustrates the significant detrimental effect of placing SSCs as a permanent, full coverage restoration. SSCs have been primarily used in patients with the inability to obtain a permanent crown because of financial concerns or in young individuals where additional tooth eruption and positional change can be expected. Within this study, SSCs were used on 634 teeth, which only comprised 0.4% of the crown population. The failure rates of SSCs were significantly higher than other types of full coverage restorations. This study illustrates the importance of permanent, full coverage crowns in the restoration of endodontically treated teeth.
In conclusion, this study demonstrated that the long-term survival rates of initial endodontic therapy are affected by the timing of the core/ post and crown placement; however, it should be noted that the reliance on claims data could overstate successful outcomes.
